: These authors contributed equally to this work Section 1: Cuticle structure and diffraction geometry: Figure S1. Hierarchical structure of stomatopod cuticle and corresponding mechanical parameters. (a) Schematic of a chitin fibre which is formed by N-acetyl-glucosamine molecules arranged in an orthorhombic crystal structure and proteins. (b) A mineralized chitin fibre which contains multiple fibres arranged in random orientations. The c axis of the chitin unit cell is coincided with both of the fibril and fibre axis which can be used as a proxy of the axial deformation of the chitin nanofibres. (c) The deformation of the fibre plane composed of parallel-arranged chitin fibres surrounded by protein and mineral matrix. (d) Schematic shows the in-plane rotation of mineralized chitin fibres due to external tensile load. (e) Schematic showing 3D fibre plane tilting due to external tensile load. (f) Scanning electron micrograph showing the plywood structure of in-plane chitin fibres is interrupted by the out-of-plane fibres running through the pore-canal system in the cuticle.
Section 2: X-ray Diffraction Model Functions: 
I: Delta functions (without 3D tilt):
In the formulae following, we have modelled the diffraction intensity of rings or spots on the reciprocal spheres using peaked Gaussians which approach Dirac -functions as 1 . In the following, the
angle  refers to the angle of the fibre in the q y -q z plane of Fig 2b (main text) . The Bouligand lamellar unit lies in that plane, so a fibre at angle  refers to the fibres in the sublamella (lamina) inclined at an angle  in the Bouligand unit. In the L2 geometry,  is replaced by  (Eq. s4). In evaluating the asymptotic limit to the integral, the relation (f(x)) = (x)/f'(x 0 ) with x 0 a root of the function f(x) is also used, which accounts for the denominator in some of the terms.
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L1 110
Eq. s2
Weight functions for the fibre distribution before mechanical loading:
The weight functions will change on mechanical loading. The changes of weight functions and I(χ) with the tissue strain (ε T ) for (002) reflection under L1 configuration are described later in the Supplementary Information in Section 4).
Configuration
Fibre group Function
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III: Coordinates on the intersection ring
Reflection Function 
IV: Delta functions with 3D tilt
Eq. s13 
Eq. s15 
V: Intensity distribution on the intersection ring (I(χ)):
The measured intensity is the integral of the diffraction intensities of each fibre (Section IV) weighted by the fibre orientation distribution (Section II). 
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VI: Symbol definitions:
γ: The fibre orientation respect to the axis in the lab coordinate system; At the fibrillar level, the Voigt model 5 was used to calculate the Young's moduli and Poisson coefficients of the chitin protein nanofibrils and of the mineral-protein matrix, using the volume fraction  ch listed above.
Secondly, we found the mechanical properties of the orthotropic lamina (Fig S4 ) as standard for a obtaining the Young's modulus E 2 and the shear modulus G 12 perpendicular to the fibre direction (direction 2 in Fig S4) , with the Reuss model.
We calculated the shear moduli of the fibre and of the matrix (G fibre and G matrix ) by using the expression valid for isotropic linear elastic material:
Equation s20
  After calculating the homogenized material properties for the lamina, we approximated the experimental Bouligand structure by applying the lamination theory to a 10 μm thick laminate 6 , containing 100 laminae with an angular quasi-continuous distribution of plies (1.8 degrees between two consecutive laminae, from -90° to 90°).
The main formula which links the loading to the deformation state of the laminate is shown below: S21.
Equation s22
      
Calculation of in-plane reorientation: The reorientation was calculated as laminar shear strain divided by 2, as per the Figure S5 , a result which is also confirmed by finite element simulation. Analytically, this results in the expression for angular reorientation ( xx ) (the factor 2 arises from the tensorial definition of strain compared to engineering strain):
Equation s25
  Deformed configuration. Dashed line is used for undeformed configuration. We calculated the fibre reorientation  as ε 12 /2, where ε 12 is the engineering shear strain in the hypotheses of small displacements. All the strain components are rotated in the reference frame of each lamina. Hence, the strain components along and perpendicular to the fibres direction do not contribute to reorientation.
